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ARSIBACT

The flow through a perforated wall is investigated
using a modified form of Tollmien's solution for a free
jet. The results of experiments indicete that this type
of flov is a miring phenomenon, and that the Reynolds

mumber is of secondary importance.
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Cross—-sectional area of test section
Mixing width

Constant

Width of test section

Height » * "

Mixing length

Mass of air

Dimensionless form

Mass of air flowing out holes
Hydraulic radius

Velocity in x-direction

L of parallel flow
e in y-direction

Rectangular coordinates
Constant

]
Density of air

Ratio of open area to total area

v
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1. Flow through Divergent Perforated Walls

2, Valus of o,

3. Velocity Profiles for Wall A

4. Velocity Profiles for Wall B

5. Velocity Profiles for Wall C

6. Velocity Profiles for Wall D

7. Velocity Profile: for Wall E

8. Velocity Profiles for Wall F

9. Comparison of Flow through Different Perforated Walls
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To Li'MODUUTZo.

f72n goneddnrine the flow insids a wind twwnel whilch empicys perforated
wall: ., the teet section, it is important to kmow the mass of air flowing out

w2, the holee,

First, it is assumed that the {low can be treated similarly to that of a
free jet i.e., the phenomena of mixing occurs., Bezause soma of the air i3 r2
stricted by the presence of the perforated walls, certain modifications nave t¢
be made concerning the amount of mixing that takes place.

It is known (Ref. 1.) that the rate of incre:se of the mixing width © 1i=

D4 _ £
dt = B Ye (1)

vhere Z 1is the nixing lengin and u_, vhe free stream velocity. % iz & son
stant in any given case, but has ditferent mmerical wvulues in other cases.

This cseems to indicate thet, slthough the relation between the velocity wu
and a which 1s the distance along the mixing regior are unknown, the momentwur at
each sestion must be the eame, Thus the momentum M 1is given by the relat .-

M = mmber - ?u;’bz v 2)

and substituting in equation (1)

Db db
—dt = mumber - u_ z
or
% = mmber
on integrating b = mmber - x + constamt (3)
1
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(- nixiny e i+ can be written proportional to ¢ as

Z = cx (4)

18 effect o2 the presence of the perforated walls makes it necessary to
introduce another constant ¢ which is the ratio of the open area to the total
area of the wall, Let us assume that the mixing length £ shall be proportion-
al to the open length only and thus we obtain:

L =04 =dc-x (5)

However, there is no change in the boundary conditions between this case
and that of an open jet, since it is assumed that the introduction of perforat-
ed walls has no effect on the flow at the boundaries,

The quantity of air flowing out through the holes can then be found by

10pkying the continuity equation,

II. IHEORY

When a parallel stream of air emerges from a wind tunnel cf the .p2r et
type it mixes with the surrounding air, Modification of the amount of rixing
that oscurs can be attained by imtroducing perforated walls in the test area
of the wind tunnel. The exact solution for the case of the open Jet has been
found by W. Tollmien and is shown in some detail in Ref. 1. The solution for
the perforated walls requires the following modifications:

1. The mixing length .Z, which is proportional to the width b, is

written / = COx, vhere ¢ 1s the constant of proportionality
and ¢ 1is the ratio of the open area to the total area,
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P

. _ e B :
2. Trer .z » new & - &, , whare &, = C 7% sinss & 1s

nropy £l to the minus 2/% ~we~ of the vix.. | lengti.

e e 21 B S

rie quamcity 4 which 1s prortional to y/b remains 7-*— y/x.

Using iie solution

N X o7 = ) a,
/_-C,e 7+C}e /‘m—i—:"(f*f{;c‘ 724,% Kzi.«;’ (6)

>f the differential equation

122

FF'«c2F'r"=q (7

whick satisfies the same boundary conditions as for free flow, namely:
l. u=u_ and v =0 at the boundary between the mixing z-ons and
the fiow in the test area, and g—f’- = 0 because of the coun' inaous
transition of welocity profiles. 3LIf the boundary is denote3’ by 7,$

the conditions are expressed F/Q/‘: /, F@):)'/l and “(Z)=O

2. u=0 and ;_u = 0 at the boundary of the mixing zone and undisturbei
y ’ 1 P
air, These conditions can be demoted by /), so F(}],)= oani "iH)-0

The solutions for the five wirowns Cq, Cp, C3,7; and 5 of ey. iz (6)

have been calculated and the values found to be

X Cy = -0,0165
oAC, = 0.13%
«Cy = 0.6918
Q% = 0.98
AN, = -2.04

where q° - uoeo
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Retnafrs Lo the tasis oo mptior shar w = u £()) wiere f£(»: .aries
7 .n gero in wudisturbed ~ir to the valie one ir the unlisturbed parallel stream,
Ising “he conditions of coutinuity and intr1oducing a stv-ar function, the veloci~

28 u and v were founi as
wu= v, F1h)  amd V=u /?FV?)' ""'/7))'

T* follows directly from the contimuity equsat !on that the mass of air &\ Zou-

ing out of the holes is

Am = xo/—ﬁ./f’uoo— P“/a'/k (8)
on integrating aM = X Pl o [2 _/-/7’)4_,:‘(0)/
and ' F@/ = {’,
.so . = XPleo Fto)

h

am = 0./209 xﬁaxi%
«,

Reducing this result to dimensionless form, the equation becomes

/ ~" Am
S X m
’ /
m’ = Am 2 b
K'fuoo ’V)—fbo,,A
24
thus ' = 0,1200 z Sa 0.,01023 0’2/3 (9)
o

iz ths mass leaving an area of perforated wall equal t . the tunnel c¢ross
sectional area divided by the mass going through the tumnel.
Also the mass flow can be calculated for the case where the perforated

walls have a certain divergence, The amount of divergence im denvted - i

4
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Ine egator Lo Lae nass oo «dr leaviny 1
Y

Dk ’

&5 = v ow d" - }’ cu 2
w expressing in terms of 7;

am, = XpPue {¢ -{2 F’@)a’?} (11)

Tha boundery conditions reramin the same 2s - the solution without diverg:uce,

U-ing the ccndiidon F()) = 4 equation (11) becomes
am = de,o /-/73)

Reducing thi: to dimensionless form

N -
A A,':( = FOps)
and xm "= o F{%}j (12)

This result is shown in Fig, 1.

1II, EXPERIMENTAL TNVESTIGATJON

A. Apparatus
» ~:11) winc tunnel operating at a constant velocity of 21.7 meters/

second was used tc obtain tne data for this report. Tws parallel walls
formed the test section, which had a cross-section of 4" x 8". One side

was opon to give atmospheric conditinns at the boundary. Tue fourth sids
provided a test area of 4" x 14® to which the perforated walls were attached,

The boundary layer was removed as the flow emerged from th2 noz:ile,
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4 Dbz water zcncuster gave absclu.ne press -2 measurems it 7 .ain
0o 1~ of s2ater, The velacity profilese were ~bb.iwd uv'ng a - 19 total
hond prsbs flgbleued Lo read & manymu 0,015 incne: “rom the wall, A mi-
cronet.er head was used tc measure the aistances from the wall into the
velocicy streac. Statlc pressure readings were made~ ~ith a prcbe located

at the centerline of the tunnel at each station,

B. Investigation for Porous Walls

1. Procedure

Pressure measurements were made for the open jet arrangement
of the t'umel at stations three, six, nine; ind twelve inches along
the wall, This was done to compare the constaut o, of this setup
with the value given in Ref, 1.

Perforated walls wers fitted on the test area and pressure
measurements and velocity proiiles made for the same station=

along the wall, The characteristics of the perforated wall: w= -

dia. of hole 5 arrangenznt
Wall (inches) Holes/in” o & 2 holes
A 057 108 276 25,25 hexagonal
B 057 hVFA 367 21,43 aquare
c L45 165 o260 27,02 hexagonsl
D 045 225 AT0 21,37 aquare
E 023 420 .96 32,65  rexagonal
4 0023 576 250 27,7 2quaTs
6
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<. Twuat Results

In the case of the open Jet it was neceasary to compare o,
for the particular arrangement with the known value. This was done
in Fig, 2 where the correction has been made. For the rssults ob-
tained , was reduced to 11.0 so the maximum number of points would
fall close to the previous result.

In Figs, 2 through 8 velucity profiles for the six differcny per-
foruted walls ars shown. Using these profiles the mass of air leaving

through the holes was determined by

I u
am = pu,, do/(/- U‘*’)%}’ (13)

or changing to dimensionless form

i r Am
whem = e P e— ': A -
m ~; = omd + 5 =A
and m =fu,,oA
d
e [ O-i)F

B P ISV W

and °<m'=o</<{(/‘ui_o)-€?— (14)

The veluss of m' for the different perforated walls at lengths x are
Wall x 3% 6" 9" 12*
A «m' L2931 1674 1910 <1505
B o m' L2835 02248 o227 o435
c o«(m' L3025 +1928 .1501 01270 :
D aqm* ,2908 02264, #2042 «1901
E «m' 2785 ~1480 .1016 0843
F «m'  W3U3 1627 01135 1119
7
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Trese results are shown in Pig. 9.
No measurements were made for the case of divergence, but the

theoretical resulis are shown,

IV, CONRCLUSIONS

The experimental results obtained for flow through perforated walls (s in
amreenent with the original assumption - that this type of flow is a mixing
phenomena, This is indicated in Fig., 9 where it is seer that the values of O(m!
at stations along the wall approach the theoretical value farther downstream.

There are also two indications that this phenomena is independent of the
a2ize of the tunnel, since the Reynolds munber influence is negligible, The
tirst 1s shown in the results plotted in Fig, 2 where, for fliow froc ar oper
j=t, the value of the coefficient «_, is the same as for the results of the
Gottingen tunnel as given in Ref. 1, By comparing the increase in the displase-
ment thickness for particular perforated walls with results obtained by otz
persons conducting similar experiments (Ref. 2), it is seen that good -.:- 120t
is obtained., In this comparison the difference in Reynolds mumber wa:z ;:'ta
large, but the influence was negligible,

Thus, in conclusion one may state that the flow through perforated wal:s

should be treated as & mixing process and that the Reynolds mumber is of sec-

onéary importance.
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